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DESCRIPTION 

ADAPTIVE MODULATION COMMUNICATION SYSTEM 

Technical Field 

The present invention relates to a new adaptive 
modulation communication system used in a digital radio 
communication system. 



g : ! 10 Background Art 



With recent advances in internet-related techniques , 
the internet has enabled various services such as music 
distribution to be provided. Such services increase 
downlink transmit amounts. In order to achieve such 

15 services having increased transmit amounts, great 
expectations are placed on fast transmission over the 
downlink, and various techniques have been developed on 
the downlink fast transmission. One of the techniques 
is an adaptive modulation communication system where on 

20 a transmitting side a modulation scheme is adaptively 
varied to perform efficient data transmission. 

A conventional adaptive modulation communication 
system will be described with reference to FIG.l. 

In the adaptive modulation communication system 

25 illustrated in FIG.l, CQES(channel quality estimating 
section) 1 in a transmitting-side apparatus estimates 
a channel quality using a received signal . The estimated 



channel quality information is output to MLDS (modulation 
level determining section) 2. MLDS 2 determines a 
modulation level based on the channel quality information. 
For example, when the channel quality is good, MLDS 2 
increases the modulation level, while decreasing the 
modulation level when the channel quality is poor. A 
broadcast signal indicative of modulation level is output 
to buffer 5, while being output to modulation section 
6-2. 

Transmit data is output to EDBAS( error detecting 
bit adding section) 3, where an error detecting bit is 
added. The transmit data with the error detecting bit 
added thereto is output to ECCS( error correcting coding 
section) 4 to undergo error correcting coding. The 
transmit data subjected to the error correcting coding 
is output to buffer 5 to be stored therein. 

To buffer 5 is input the modulation level broadcast 
signal output from modulation level determining section 
2. According to the modulation level broadcast signal, 
the transmit data is output to modulation section 6-1 
for each modulation unit of the determined modulation 
scheme. 

Modulation section 6-2 modulates the modulation 
level broadcast signal to output to adder 7. Modulation 
section 6-1 modulates the transmit data output f rombuf f er 
5 to output to adder 7 . Adder 7 multiplexes the modulation 
level broadcast signal and the transmit data. 



The multiplexed signal is output to radio 
transmission section 8 , is subjected to the predetermined 
radio transmission processing (for example, D/A 
conversion and upconverting ) in radio transmission 
section 8, and the resultant radio signal is transmitted 
to a receiving-side apparatus (communication party) via 
antenna 9. 

The signal transmitted from the transmitting-side 
apparatus is received in radio reception section 13 via 
antenna 12 in the receiving-side apparatus. Radio 
reception section 13 performs the predetermined radio 
reception processing (for example, downconverting and 
A/D conversion) on the received signal. 

The signal subjected to the radio reception 
processing is demultiplexed to the modulation level 
broadcast signal and data, and the signal and data is 
output to demodulation section 14. Specifically, the 
data is output to demodulation section 14-1, and the 
modulation level broadcast signal is output to 
demodulation section 14-2. Demodulation section 14-2 
demodulates the modulation level broadcast signal to 
obtain information on the modulation scheme (modulation 
level) on the transmitting-side apparatus. The 
information on the modulation scheme is output to 
demodulation section 14-1. 

According to the information on the modulation 
scheme output from demodulation section 14-2, 



demodulation section 14-1 demodulates the data. The 
demodulated data is output to error correcting decoding 
section 15 to undergo error correcting decoding. Then, 
the error-correcting-decoded data is output to error 
detecting section 16 to undergo error detection. An 
output of error detecting section 16 is received data. 
Further, a detection result (a result when an error is 
detected) in error detecting section 16 is output to 
modulation section 17 as a repeat request signal. 

Modulation section 17 modulates the repeat request 
signal as well as the transmit data. Themodulated signal 
is output to radio transmission section 18. Radio 
transmission section 18 performs the predetermined radio 
transmission processing on the modulated signal. The 
signal subjected to the radio transmission processing 
is transmitted to the transmitting-side apparatus 
(communication party) via antenna 12. 

The signal including the repeat request signal is 
received in radio reception section 10 via antenna 9. 
Radio reception section 10 performs the predetermined 
radio reception processing on the received signal. The 
signal subjected to the radio reception processing is 
output to demodulation section 1 1 . Demodulation section 
11 demodulates the data and the repeat request signal. 
The data becomes received data, and the repeat request 
signal is output to buffer 5. According to the repeat 
request signal, buffer 5 outputs data targeted for the 
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repeat to modulation section 6-1. 

As described above, in the aforementioned adaptive 
modulation communication system, when amodulation scheme 
is adaptively varied to transmit signals , the information 
5 on the modulation scheme (modulation level or the like) 
is multiplexed on a transmit signal in transmitting 
signals . As a result, on the receiving s ide it is possible 
to perform demodulation according to the information on 
0 the modulation scheme even when the modulation scheme 

a 

ft 10 is varied adaptively. 

f 

CI However, in the conventional adaptive modulation 

0 

4\ communication system, the receiving-side apparatus is 

i? 

□ not capable of demodulating data unless the 

m 

fy transmitting-side notifies the receiving-side apparatus 

Q 

(j) 15 of the information on the modulation scheme (modulation 
level broadcast signal). Accordingly, it is necessary 
to transmit the information of the modulation level 
broadcast signal with greatly high quality. Further, 
demodulating data is started only after the modulation 

20 level broadcast signal is demodulated, and furthermore, 
an erroneous modulation level broadcast signal disables 
the reception even when the data quality is high. 

Meanwhile, a method is proposed in which a 
receiving-side apparatus determines a modulation scheme 

25 used in a transmitting-side apparatus using a signal 
variance, but since the detection accuracy is low in this 
method, is not very practical. 
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Disclosure of Invention 

It is an object of the present invention to provide 
an adaptive modulation communication system enabling 
5 excellent demodulation on a receiving side without 
notifying information on a modulation scheme when 
adaptive modulation communications are performed. 

The inventor of the present invention noted the state 
O of mapping per bit basis in a signal space diagram in 

.0 

0 10 M-ary modulation, found out demodulation is allowed 

P independently of a modulation scheme used in a 

¥ 

&| transmitting-side apparatus by determining demodulation 

s 

Q patterns for each predetermined unit, and carried out 

m 

ftl the present invention. 

(j) 15 It is a gist of the present invention that in an 

ri) 

adaptive modulation communication system where a 
modulation scheme is varied adaptively for each transmit 
unit, a transmitting-side apparatus sets different error 
detecting units corresponding to bit position, and 

20 transmits data subjected to error detecting processing 
on a different error detecting unit basis corresponding 
to bit position, and a receiving-side apparatus performs 
demodulation independently using different demodulation 
patterns for each error detecting unit to obtain received 

25 data. 



Brief Description of Drawings 



FIG.l is a block diagram illustrating a 
configuration of a conventional adaptive modulation 
communication system; 

FIG. 2 is. a block diagram illustrating a 
5 configuration of an adaptive modulation communication 
system according to embodiments of the present invention; 

FIG. 3 is a diagram to explain a signal space diagram 
of 6 4 QAM; 

FIGs . 4A to 4F are diagrams to explain a demodulation 
10 method for 6 4 QAM in the adaptive modulation communication 
system of the present invention; 

FIG. 5 is a diagram to explain a signal space diagram 
of 1 6 QAM ; 

FIGs . 6A to 6F are diagrams to explain a demodulation 
15 method for 16 QAM in the adaptive modulation communication 
system of the present invention; 

FIG. 7 is a diagram to explain a signal space diagram 
of QPSK; 

FIGs . 8A to 8F are diagrams to explain a demodulation 
20 method for QPSK in the adaptive modulation communication 
system of the present invention; 

FIG. 9 is a diagram to explain transmission and 
reception in the adaptive modulation communication system 
of the present invention; 
25 FIG. 10 is another diagram to explain transmission 

and reception in the adaptive modulation communication 
system of the present invention; 
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FIG. 11 is a diagram to explain a signal space diagram 
of 3 2 QAM; 

FIGS.12A to 12F are diagrams to explain a 
demodulation method for 3 2 QAM in the adaptive modulation 
5 communication system of the present invention; 

FIG. 13 is a diagram to explain a signal space diagram 
of 8 QAM; 

FIGS.14A to 14F are diagrams to explain a 

M 

Q demodulation method for 8 QAM in the adaptive modulation 

P 

Q\ 10 communication system of the present invention; 

m 

□ FIG. 15 is a diagram to explain a signal space diagram 

s 

4) Of BPSK; 

s 

EJ FIGS.16A to 16F are diagrams to explain a 

m 

p.| demodulation method for BPSK in the adaptive modulation 

0 

jp 15 communication system of the present invention; 



ni 



FIG. 17 is a diagram to explain a signal space diagram 
of QPSK; 

FIG. 18 is a diagram to explain a signal space diagram 
of 8PSK; 

20 FIG. 19 is a diagram to explain a signal space diagram 

of star-16QAM; 

FIG. 20 is a diagram to explain a signal space diagram 
of 16PSK; and 

FIG. 21 is a diagram to explain a case of transmitting 
25 signals in 8PSK. 



Best Mode for Carrying Out the Invention 



Embodiments of the present invention will be 
described below specifically with reference to 
accompanying drawings. 

(First embodiment) 
5 FIG. 2 is a block diagram illustrating a 

configuration of an adaptive modulation communication 
system according to the embodiments of the present 
invention. 

p In the adaptive modulation communication system 

3 

gl 10 illustrated in FIG. 2, CQES (channel quality estimating 

ii 

p section) 101 in a transmitting-side apparatus estimates 

Si 

J% a channel quality using a received signal . The estimated 

q channel quality information is output to MLDS (modulation 

ill 

jjj level determining section) 102. MLDS 102 determines a 
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15 modulation level based on the channel quality information. 
For example, when the channel quality is good, MLDS 102 
increases the modulation level, while decreasing the 
modulation level when the channel quality is poor. The 
information on the modulation level is output to buffer 

20 105, while being output to modulation section 106. 

Transmit data is output to EDBAS( error detecting 
bit adding section) 103, where an error detecting bit 
is added for each predetermined unit. The transmit data 
with the error detecting bit added thereto is output to 

25 ECCS (error correcting coding section) 104 to undergo 
error correcting coding. The transmit data subjected 
to the error correcting coding is output to buffer 105 



to be stored therein. 

To buffer 105 is input the modulation level 
information output from MLDS 102. According to the 
modulation level information , the transmit data is output 
to modulation section 106 for each modulation unit of 
the determined modulation scheme. 

Modulation section 106 modulates the transmit data, 
and outputs the modulated signal to radio transmission 
section 107. The transmit signal is subjected to the 
predetermined radio transmission processing ( for example, 
D/A conversion and upconverting ) in radio transmission 
section 107 , and the resultant radio signal is transmitted 
to a receiving-side apparatus (communication party) via 
antenna 108. 

The signal transmitted from the transmitting-side 
apparatus is received in radio reception section 112 via 
antenna 111 in the receiving-side apparatus. Radio 
reception section 112 performs the predetermined radio 
reception processing (for example, downconvert ing and 
A/D conversion) on the received signal. 

The signal subjected to the radio reception 
processing is output to demodulation sections 113-1 to 
113-n for each predetermined unit, i.e., for each unit 
on a basis of which, an error correcting bit is added. 
Then, demodulation sections 113-1 to 113-n demodulate 
signals for each predetermined unit according to 
respective demodulation patterns. 



The demodulated data is output to ECDS( error 
correcting decoding sections ) 114-1 to 114-n respectively 
to undergo error correcting decoding. Then, the 
error-correcting-decoded data is output to error 
detecting sections 115-1 to 115-n respectively to undergo 
error detection. Outputs of error detecting sections 
115-1 to 115-n are received data. Further, a detection 
result (a result when an error is detected) in each of 
error detecting sections 115-1 to 115-n is output to 
modulation section 116 as a repeat request signal. 

Modulation section 116 modulates the repeat request 
signal as well as the transmit data. The modulated signal 
is output to radio transmission section 117. Radio 
transmission section 117 performs the predetermined radio 
transmission processing on the modulated signal. The 
signal subjected to the radio transmission processing 
is transmitted to the transmitting-side apparatus 
(communication party) via antenna 111. 

The signal including the repeat request signal is 
received in radio reception section 109 via antenna 108. 
Radio reception section 109 performs the predetermined 
radio reception processing on the received signal. The 
signal subjected to the radio reception processing is 
output to demodulation section 110. Demodulation 
section 110 demodulates the data and repeat request signal. 
The data becomes received data, and the repeat request 
signal is output to buffer 105. According to the repeat 



request signal, buffer 105 outputs data targeted for the 
repeat to modulation section 106. 

The operation in the adaptive modulation 
communication system with the above configuration will 
be described below. The transmitt ing-side apparatus 
divides transmit data into predetermined units, and adds 
an error detecting bit such as CRC (Cyclic Redundancy 
Check) for each unit in EDBAS 103. 

At this point, the number of units of a predetermined 
unit is made different corresponding to modulation scheme 
in performing M-ary modulation. In other words, each 
modulation scheme is set for a different error detecting 
unit. For example, in BPSK one unit is set as a transmit 
unit in a slot, in QPSK two units are set as a transmit 
unit in a slot, in 8 QAM three units are set as a transmit 
unit in a slot, in 16QAM four units are set as a transmit 
unit in a slot, in 3 2 QAM five units are set as a transmit 
unit in a slot, in 6 4 QAM six units are set as a transmit 
unit in a slot, and the transmit unit is concurrently 
transmitted. Each unit is capable of undergoing error 
detection independently. In this way, it is possible 
to perform the error correction and error detection only 
once, and a difference in transmit rate corresponding 
to modulation scheme can be represented by the number 
of units transmitted concurrently, thereby facilitating 
resource allocation in performing M-ary modulation. 

It may be possible to set as the unit a signal bit, 



or two bits or more. For example, 6 4 QAM is set for six 
units in a slot, and one bit may be set as one unit to 
add an error detecting bit for each bit, or two or more 
bits are set as one unit to add an error detecting for 
each unit. Specifically, it may be possible to with two 
bits set as one unit, set a unit as a transmit unit in 
QPSK, set two units as a transmit unit in 16QAM, and set 
three units as a transmit unit in 6 4 QAM , to transmit 
concurrently. In this way, it is possible to readily 
perform resource allocation in performing M-ary 
modulation, using less candidates. 

The transmit data with the error detecting bit added 
as described above is subjected to the predetermined error 
correcting coding in ECCS 104, and the coded signal is 
output to buffer 105. To buffer 105 is input the 
information on the modulation level determined from the 
channel quality estimated based on the received signal. 
Based on the information on the modulation level, buffer 
105 outputs the transmit data for each transmit unit of 
the determined modulation scheme to modulation section 
106. 

The transmit data is modulated in modulation section 
106, the modulated signal is subjected to the 
predetermined radio transmission processing in radio 
transmission section 107 , the radio signal is transmitted 
to the receiving-side apparatus (communication party) 
from antenna 108. 



In the receiving-side apparatus, data is output to 
demodulation sections 113-1 to 113-n for each unit set 
in the transmitting-side apparatus, and demodulation 
sections 113-1 to 113-n demodulate the data according 
to respective demodulation patterns. 

It is herein assumed that the transmitting-side 
apparatus determines 6 4 QAM as the modulation scheme, sets 
one unit at one bit, and transmits six units as a transmit 
unit, in other words, that the apparatus adds an error 
detecting bit for each bit and transmits six bits as a 
transmit unit. 

FIG. 3 is a diagram to explain a signal space diagram 
of 64QAM. FIG. 4 is a diagram to explain a demodulation 
method for 6 4 QAM in the adaptive modulation communication 
system of the present invention. In FIG. 3, with respect 
to the most significant bit (bit at the leftmost as viewed 
in the figure) SO, such bits are "0" at the left side 
of the vertical axis (Q-axis), while being "1" at the 
right side of the vertical axis. Accordingly, as shown 
in FIG.4A, SO is capable of being demodulated according 
to a demodulation pattern comprised of a portion 301 at 
the left side of the vertical axis and a portion 302 at 
the right side of the vertical axis. In other words, 
it is possible to demodulate such bits in the portion 
301 at the left side of the vertical axis to "0", while 
demodulating such bits in the portion 302 at the right 
side of the vertical axis to "1". 



In FIG. 3, with respect to a second significant bit 
(bit at the second left as viewed in the figure) Si, such 
bits are "0" at the upper side of the horizontal axis 
(I-axis), while being "1" at the lower side of the 
horizontal axis. Accordingly, as shown in FIG.4B, SI 
is capable of being demodulated according to a 
demodulation pattern comprised of a portion 303 at the 
upper side of the horizontal axis and a portion 304 at 
the lower side of the horizontal axis. In other words, 
it is possible to demodulate such bits in the portion 
303 at the upper side of the horizontal axis to "0" , while 
demodulating such bits in the portion 304 at the lower 
side of the horizontal axis to "1". 

In FIG. 3, with respect to a third significant bit 
(bit at the third left as viewed in the figure) S2, such 
bits are "0" at the sides, opposed to the vertical axis 
(Q-axis), of axes (existing at the midpoint of signal 
points in the horizontal direction) spaced equal 
horizontal distances apart from the vertical axis, while 
being "1" at the center portion including the vertical 
axis. Accordingly, as shown in FIG.4C, S2 is capable 
of being demodulated according to a demodulation pattern 
comprised of portions 305 at the sides, opposed to the 
vertical axis, of axes spaced equal horizontal distances 
apart from the vertical axis and a portion 306 at the 
center including the vertical axis. In other words, it 
is possible to demodulate such bits in the portions 305 



at the sides, opposed to the vertical axis, of axes spaced 
equal horizontal distances apart from the vertical axis 
to "0", while demodulating such bits in the portion 306 
at the center including the vertical axis to "1". 

In FIG. 3, with respect to a fourth significant bit 
(bit at the fourth left as viewed in the figure) S3, such 
bits are "0" at the sides, opposed to the horizontal axis 
(I-axis), of axes (existing at the midpoint of signal 
points in the vertical direction) spaced equal vertical 
distances apart from the horizontal axis, while being 
"1" at the center portion including the horizontal axis. 
Accordingly, as shown in FIG.4D, S3 is capable of being 
demodulated according to a demodulation pattern comprised 
of portions 307 at the sides, opposed to the horizontal 
axis, of axes spaced equal vertical distances apart from 
the horizontal axis and a portion 308 at the center 
including the horizontal axis. In other words, it is 
possible to demodulate such bits in the portions 307 at 
the sides, opposed to the horizontal axis, of axes spaced 
equal vertical distances apart from the horizontal axis 
to "0", while demodulating such bits in the portion 308 
at the center including the horizontal axis to "1". 

In FIG. 3, with respect to a fifth significant bit 
(bit at the fifth left as viewed in the figure) S4, such 
bits are "0" at a first portion, including the vertical 
axis (Q-axis), between axes spaced equal horizontal 
distances apart from the vertical axis, are "1" at second 



portions, with the same horizontal width as the first 
portion, at opposite sides of the first portion, and are 
"0" at third portions outside the second portions. 
Accordingly, as shown in FIG.4E, S4 is capable of being 
demodulated according to a demodulation pattern comprised 
of the first portion 309, including the vertical axis, 
between axes spaced equal horizontal distances apart from 
the vertical axis, the second portions 310, with the same 
horizontal width as the first portion 309, at opposite 
sides of the first portion, and the third portions 309 
outside the second portions 310. In other words, it is 
possible to demodulate such bits to "0" in the first 
portion 309, including the vertical axis, between axes 
spaced equal horizontal distances apart from the vertical 
axis, such bits to "1" in the second portions 310, with 
the same horizontal width as the first portion 309, at 
opposite sides of the first portion, and such bits to 
"0" in the third portions 309 outside the second portions 
310. 

In FIG. 3, with respect to a least significant bit 
(bit at the sixth left as viewed in the figure) S5, such 
bits are "0" at a first portion, including the horizontal 
axis (i-axis), between axes spaced equal vertical 
distances apart from the horizontal axis , are "1" at second 
portions, with the same vertical width as the first portion, 
at opposite sides of the first portion, and are "0" at 
third portions outside the second portions . Accordingly, 
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as shown in FIG.4F, S5 is capable of being demodulated 
according to a demodulation pattern comprised of the first 
portion 311, including the horizontal axis, between axes 
spaced equal vertical distances apart from the horizontal 
axis, the second portions 312, with the same vertical 
width as the first portion 311, at opposite sides of the 
first portion, and the third portions 311 outside the 
second portions 312. In other words, it is possible to 
demodulate such bits to "0" in the first portion 311, 
including the horizontal axis, between axes spaced equal 
vertical distances apart from the horizontal axis, such 
bits to "1" in the second portions 312, with the same 
vertical width as the first portion 311, at opposite sides 
of the first portion, and such bits to "0" in the third 
portions 311 outside the second portions 312. 

Thus, demodulation sections 113-1 to 113-n 
demodulate data according to the above-mentioned 
respective demodulation patterns. It is thereby 
possible to perform demodulation in 6 4 QAM without using 
information on the modulation scheme (modulation level 
broadcast signal). 

The demodulation using demodulation sections 113-1 
to 113-n will be described below when 16 QAM data is 
transmitted from the transmitting-side apparatus. 

FIG. 5 is a diagram to explain a signal space diagram 
of 16QAM. FIG. 6 is a diagram to explain a demodulation 
method for 16 QAM in the adaptive modulation communication 



system of the present invention. In FIG. 5, black points 
indicate 1 6 QAM signal points, and white points indicate 
6 4 QAM signal points. 

In FIG. 5, with respect to a most significant bit 
(bit at the leftmost as viewed in the figure) SO, such 
bits are "0" at the left side of the vertical axis (Q-axis ) , 
while being "1" at the right of the vertical axis. 
Accordingly, as shown in FIG.6A, SO is capable of being 
demodulated according to a demodulation pattern comprised 
of a portion 501 at the left side of the vertical axis 
and a portion 502 at the right side of the vertical axis. 
In other words, it is possible to demodulate such bits 
in the portion 501 at the left side of the vertical axis 
to "0", while demodulating such bits in the portion 502 
at the right side of the vertical axis to "1". 

In FIG. 5, with respect to a second significant bit 
(bit at the second left as viewed in the figure) SI, such 
bits are "0" at the upper side of the horizontal axis 
(I-axis), while being " 1" at the lower side of the 
horizontal axis. Accordingly, as shown in FIG.6B, SI 
is capable of being demodulated according to a 
demodulation pattern comprised of a portion 503 at the 
upper side of the horizontal axis and a portion 504 at 
the lower side of the horizontal axis. In other words, 
it is possible to demodulate such bits in the portion 
503 at the upper side of the horizontal axis to "0", while 
demodulating such bits in the portion 504 at the lower 



side of the horizontal axis to "1". 

In FIG. 5, with respect to a third significant bit 
(bit at the third left as viewed in the figure) S2 , such 
bits are "0" at the sides, opposed to the vertical axis 
(Q-axis), of axes (existing at the midpoint of signal 
points in the horizontal direction) spaced equal 
horizontal distances apart from the vertical axis, while 
being "1" at the center portion including the vertical 
axis. Accordingly, as shown in FIG.6C, S2 is capable 
of being demodulated according to a demodulation pattern 
comprised of portions 505 at the sides, opposed to the 
vertical axis, of axes spaced equal horizontal distances 
apart from the vertical axis and a portion 506 at the 
center including the vertical axis. In other words, it 
is possible to demodulate such bits in the portions 505 
at the sides, opposed to the vertical axis, of axes spaced 
equal horizontal distances apart from the vertical axis 
to "0" , while demodulating such bits in the portion 506 
at the center including the vertical axis to "1". 

In FIG. 5, with respect to a fourth significant bit 
(bit at the fourth left as viewed in the figure) S3, such 
bits are "0" at the sides, opposed to the horizontal axis 
(I-axis), of axes (existing at the midpoint of signal 
points in the vertical direction) spaced equal vertical 
distances apart from the horizontal axis, while being 
"1" at the center portion including the horizontal axis. 
Accordingly, as shown in FIG.6D, S3 is capable of being 



demodulated according to a demodulation pattern comprised 
of portions 507 at the sides, opposed to the horizontal 
axis, of axes spaced equal vertical distances apart from 
the horizontal axis and a portion 508 at the center 
including the horizontal axis. In other words, it is 
possible to demodulate such bits in the portions 507 at 
the sides, opposed to the horizontal axis, of axes spaced 
equal vertical distances apart from the horizontal axis 
to "0", while demodulating such bits in the portion 508 
at the center including the horizontal axis to "1". 

That is, SO to S3 are capable of being demodulated 
in the same way as in 6 4 QAM using demodulation patterns 
of 6 4 QAM. It is thereby possible to perform the 
demodulation in 16QAM also without using the information 
on the modulation scheme (modulation level broadcast 
signal ) . 

In addition, with respect to outputs of demodulation 
sections that demodulate S4 and S5 in the demodulation 
in 6 4 QAM , since corresponding data does not exist 
originally, portions 509 to 512 illustrated in FIGs . 6E 
and 6F cannot be used, and errors are detected in error 
detecting sections corresponding to the demodulation 
sections. Then with respect to S4 and S5, repeat is 
requested. The repeat will be described later. 

The demodulation using demodulation sections 113-1 
to 113-n will be described below when QPSK data is 
transmitted from the transmitting-side apparatus. 



FIG. 7 is a diagram to explain a signal space diagram 
of QPSK. FIG. 8 is a diagram to explain a demodulation 
method for QPSK in the adaptive modulation communication 
system of the present invention. In FIG. 7, black points 
indicate QPSK signal points, and white points indicate 
6 4 QAM signal points. 

In FIG. 7, with respect to a most significant bit 
(bit at the leftmost as viewed in the figure) SO, such 
bits are "0" at the left side of the vertical axis (Q-axis ) , 
while being " 1 " at the right side of the vertical axis. 
Accordingly, as shown in FIG.8A, SO is capable of being 
demodulated according to a demodulation pattern comprised 
of a portion 701 at the left side of the vertical axis 
and a portion 702 at the right side of the vertical axis. 
In other words, it is possible to demodulate such bits 
in the portion 701 at the left side of the vertical axis 
to "0", while demodulating such bits in the portion 702 
at the right side of the vertical axis to "1". 

In FIG. 7, with respect to a second significant bit 
(bit at the second left as viewed in the figure) SI, such 
bits are "0" at the upper side of the horizontal axis 
(I-axis), while being "1" at the lower side of the 
horizontal axis. Accordingly, as shown in FIG.8B, SI 
is capable of being demodulated according to a 
demodulation pattern comprised of a portion 703 at the 
upper side of the horizontal axis and a portion 704 at 
the lower side of the horizontal axis. In other words, 



23 

it is possible to demodulate such bits in the portion 
703 at the upper side of the horizontal axis to "0" , while 
demodulating such bits in the portion 704 at the lower 
side of the horizontal axis to "1". 

That is, SO and SI are capable of being demodulated 
in the same way as in 6 4 QAM using demodulation patterns 
of 6 4 QAM . It is thereby possible to perform the 
demodulation in QPSK also without using the information 
on the modulation scheme (modulation level broadcast 
signal) . 

In addition, with respect to outputs of demodulation 
sections that demodulate S2 to S5 in the demodulation 
in 6 4 QAM, since corresponding data does not exist 
originally, portions 705 to 712 illustrated in FIGs • 8C 
to 8F cannot be used, and errors are detected in error 
detecting sections corresponding to the demodulation 
sections. Then with respect to S2 to S5, repeat is 
requested. The repeat will be described later. 

The repeat will be described below in the case where 
the receiving-side apparatus detects an error in the error 
detecting section. Two types of repeats are considered 
in the adaptive modulation communication system of the 
present invention, i.e., the case of repeat due to a 
general error and the case of repeat occurring when 
demodulating data modulated by smaller modulation level 
than the largest modulation level allowing the 
demodulation. The repeat due to a general error is 
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performed by when an error is detected in the error 
detecting section, transmitting a repeat request signal 
for instructing to repeat the erroneous transmit unit 
to the transmitting-side apparatus. The 
transmitting-side apparatus repeats the data of the 
transmit unit to be repeated according to the repeat 
request signal. 

With reference to FIG. 9 , the repeat will be described 
below which is specific in the adaptive modulation 
communication system of the present invention and which 
occurs when demodulating data modulated by smaller 
modulation level than the largest modulation level 
allowing the demodulation. 

FIG. 9 illustrates a case where the 
transmitting-side apparatus transmits data #1 to #19 
while switching between modulation schemes of QPSK, 16 QAM, 
and 6 4 QAM for each transmission unit. In FIG. 9, "Q" 
denotes QPSK, "16" denotes 16 QAM, and "64" denotes 6 4 QAM. 
in addition, in data #1 to #19, two bits indicate one 
unit, in QPSK one unit is set as a transmit unit, in 16 QAM 
two units are set as a transmit unit, and in 6 4 QAM three 
units are set as a transmit unit. Further, an error 
detecting bit is added for each unit. In addition, it 
is assumed that the receiving-side apparatus is provided 
with demodulation sections corresponding to 6 4 QAM 
(allowing up to three units as a transmit unit). 

When the transmitting-side apparatus (Tx) transmits 
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data #1 by QPSK in a first transmit unit, the 
receiving-side apparatus (Rx) demodulates data #1 as 
described above. At this point, the receiving-side 
apparatus detects data #2 and #3 as errors as described 
above. Then, the receiving-side apparatus transmits a 
repeat request signal for instructing to repeat data #2 
and #3 to the transmitting-side apparatus. In the 
transmitting- side apparatus , since data to be transmitted 
next is data #2, transmission is performed starting from 
data #2 without any change. 

When the transmitting-side apparatus transmits data 
#2 and #3 by 16QAM in a next transmit unit, the 
receiving-side apparatus (Rx) demodulates data #2 and 
#3 as described above. At this point, the receiving-side 
apparatus detects data #4 as an error as described above. 
Then, the receiving-side apparatus transmits a repeat 
request signal for instructing to repeat data #4 to the 
transmitting-side apparatus. In the transmitting-side 
apparatus, since data to be transmitted next is data #4, 
and transmission is performed starting from data #4 
without any change. 

Thus, even when a repeat request occurs when 
demodulating data modulated by smaller modulation level 
than the largest modulation level allowing the 
demodulation, it is possible for the transmitting-side 
apparatus to transmit data without performing any 
additional processing. 
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With reference to FIG. 10, a case will be described 
below where both repeats occur, i.e., a repeat caused 
by demodulating data modulated by smaller modulation 
level than the largest modulation level allowing the 
demodulation, and a general repeat. 

FIG. 10 illustrates a case where the 
transmitting-side apparatus transmits data #1 to #16 
while switching between modulation schemes of QPSK, 16 QAM, 
and 6 4 QAM for each transmit unit. In FIG. 10, "Q" denotes 
QPSK, "16" denotes 16QAM, and "64" denotes 6 4 QAM. In 
addition, in data #1 to #16, two bits indicate one unit, 
in QPSK one unit is set as a transmit unit, in 16QAM two 
units are set as a transmit unit, and in 6 4 QAM three units 
are set as a transmit unit. Further, an error detecting 
bit is added for each unit. In addition, it is assumed 
that the receiving-side apparatus is provided with 
demodulation sections corresponding to 6 4 QAM (allowing 
up to three units as a transmit unit). 

When the transmitting-side apparatus (Tx) transmits 
data #1 by QPSK in a first transmit unit, the 
receiving-side apparatus (Rx) demodulates data #1 as 
described above. At this point, the receiving-side 
apparatus detects data #2 and #3 as errors as described 
above. Then, the receiving-side apparatus transmits a 
repeat request signal for instructing to repeat data #2 
and #3 to the transmitting-side apparatus. In the 
transmitting-side apparatus, sincedata to be transmitted 



next is data #2, transmission is performed starting from 
data #2 without any change. 

When the transmitting-side apparatus transmits data 
#2 and #3 by 16QAM in a next transmit unit, it is assumed 
that the receiving-side apparatus (Rx) demodulates data 
#3 as described above and that data #2 is erroneous. At 
this point, the receiving-side apparatus detects data 
#2 and #4 as errors as described above. Then, the 
receiving-side apparatus transmits a repeat request 
signal for instructing to repeat data #2 and #4 to the 
transmitting-side apparatus. In the transmitting-side 
apparatus, since data to be transmitted is data #4, 
transmission is performed starting from data #4 along 
with data #2 having provided the error. 

When the transmitting-side apparatus transmits data 
#7 to #9 by 6 4 QAM in a fifth transmit unit, it is assumed 
that the receiving-side apparatus (Rx) demodulates data 
#7 and #9 as described above and that data #8 is erroneous. 
At this point, the receiving-side apparatus detects data 
#8 as an error. Then, the receiving-side apparatus 
transmits a repeat request signal for instructing to 
repeat data #8 to the transmitting-side apparatus. In 
the transmitting-side apparatus, since data to be 
transmitted next is data #10, transmission is performed 
starting from data #10 along with data #8 having provided 
the error. 

Thus, even when a repeat request occurs when 
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demodulating data modulated by smaller modulation level 
then the largest modulation level allowing the 
demodulation, it is possible for the transmitting-side 
apparatus to transmit data without performing any 
additional processing. Further, it is possible to deal 
with general repeat requests in the same way as in the 
conventional method. 

According to this embodiment, even when the 
transmitting-side apparatus transmits data using either 
modulation scheme among the modulation schemes of 6 4 QAM 
to QPSK, the receiving-side apparatus is capable of 
demodulating the data by a demodulation scheme 
corresponding to the same modulation method. In other 
words, when the transmitting-side apparatus transmits 
data while modulating the data by smaller modulation level 
than the largest modulation level allowing the 
demodulation on a demodulation side, it is possible to 
accurately demodulate data of units actually transmitted . 
It is thereby possible for the receiving-side apparatus 
to demodulate all transmitted data without knowing (being 
aware at all ) a modulation scheme of the transmitting-side 
apparatus . 

As a result, the need is eliminated of notifying 
a modulation scheme (modulation level broadcast signal) 
from a transmitting-side apparatus to a receiving-side 
apparatus, and it is thereby possible to use downlink 
resource effectively. Further, since the need is 



eliminated of notifying a modulation scheme from a 
transmitting-side apparatus to a receiving-side 
apparatus, it is possible to reduce the time during which 
a modulation level broadcast signal is demodulated and 
then data is demodulated like the conventional method, 
and to decrease data delay. Further, it is possible to 
shorten delay of repeat request. 

Moreover, in the adaptive modulation communication 
system according to this embodiment, even when 
transmission is not performed, data transmission success 
indicates 0 unit, thereby enabling the detection. 

In order to facilitate the adaptive modulation 
communication system according to this embodiment, 
arrangements of pilot signals in a signal space diagram 
are set as illustrated in FIGs.3, 5 and 7. For example, 
when the largest modulation level is set at 64, as shown 
in FIGs.3 and 5, pilot signals are assigned respective 
amplitude and phase of positions (denoted by X in the 
figure) with the amplitude half the maximum amplitude 
in the signal space diagram of the largest modulation 
level scheme. It is thereby possible to share pilot 
signals in either modulation scheme, and to receive the 
pilot signals similarly in either modulation scheme. 

Further, with respect to the arrangement of pilot 
signals, in the signal space diagram of the largest 
modulation level scheme, a pilot point is set to a sum 
of a value of a middle point having amplitude half the 
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maximum amplitude and a predetermined phase rotation, 
or to a value predetermined times a value of a middle 
point having amplitude half the maximum amplitude. In 
this way, in the same way as described above, it is possible 
5 to share pilot signals in either modulation scheme, and 
to receive the pilot signals similarly in either 
modulation scheme. Further, since it is possible to 
provide the arrangement of pilot signals with versatility, 
frame format can be determined readily. In addition, 

5 

m 10 in a modulation scheme that does not provide amplitude 



s 

Si 



with information such as QPSK, since the amplitude of 
a pilot signal is not restricted, pilot signals can be 
set with more versatility. 



Q 

m 

fjj (Second embodiment) 



15 This embodiment describes a case of applying to 

modulation schemes where a square root of the number of 
total signal points is not an integer, for example, 3 2 QAM, 
8 QAM, and BPSK. 

Generally, in such modulation schemes, as 

20 illustrated by broken line in FIGs.ll, 13 and 15, signal 
points are arranged in the f ormof a circle. In an adaptive 
modulation communication system according to this 
embodiment, the signal point arrangement in 3 2 QAM is set 
as illustrated in FIG. 11 with eight points in the 

25 I ( in-phase ) -axis direction and with four points in the 
Q (quadrature) -axis direction. The signal point 
arrangement in 8 QAM is set as illustrated in FIG. 13 with 
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four points in the I-axis direction and with two points 
in the Q-axis direction. The signal point arrangement 
in BPSK is set as illustrated in FIG. 15 with two points 
in the I-axis direction. in other words, the number of 
5 signal points in the I-axis direction is made different 
from the number of signal points in the Q-axis direction. 
In this case, in order to arrange signal points efficiently, 
the number of points arranged in the same axis direction 

H 

p is set at a number close to a square root of the total 

0 

g\ 10 signal points as much as possible . For example, in 8QAM, 

4) 

P four signal points are arranged in the I-axis direction, 

Q 

,|j while two signal points are arranged in the Q-axis 

.« 

q direction, instead of arranging eight signal points in 

Rl . 

pj the I-axis direction, while arranging one signal point 



15 in the Q-axis direction. Similarly, in 3 2 QAM, eight 
signal points are arranged in the I-axis direction, while 
four signal points are arranged in the Q-axis direction. 
In addition, the number of signal points in the I-axis 
direction is either more or less than the number of signal 

20 points in the Q-axis direction. 

The operation of the adaptive modulation 
communication system according to this embodiment will 
be described below. The operation of the 

transmitting-side apparatus is the same as in the first 

25 embodiment, and is omitted. The demodulation in 
demodulation sections will be described in the case where 
the transmitting-side apparatus transmits data modulated 
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by an M-ary modulation scheme where a square root of the 
number of total signal points is not an integer. Also 
in this case, for each error detecting unit, demodulation 
is performed independently, and error detection is 
performed independently. It is thereby possible to 
accurately transmit data of unit(s) corresponding to the 
modulation level. 

FIG. 11 is a diagram to explain a signal space diagram 
of 3 2 QAM . FIG. 12 is a diagram to explain a demodulation 



|2 10 method for 32QAM in the adaptive modulation communication 



system of the present invention. inFlG.ll, black points 
indicate signal points of 3 2 QAM, and white points indicate 



* signal points of 6 4 QAM . 

n) In FIG. 11, with respect to a most significant bit 

C! 15 (bit at the leftmost as viewed in the figure) SO, such 
Rl bits are " 0 " at the left side of the vertical axis (Q-axis), 

while being "1" at the right side of the vertical axis. 
Accordingly, as shown in FIG.12A, SO is capable of being 
demodulated according to a demodulation pattern comprised 
20 of a portion 1101 at the left side of the vertical axis 
and a portion 1102 at the right side of the vertical axis . 
In other words, it is possible to demodulate such bits 
in the portion 1101 at the left side of the vertical axis 
to "0", while demodulating such bits in the portion 1102 
25 at the right side of the vertical axis to "1". 

In FIG. 11, with respect to a second significant bit 
(bit at the second left as viewed in the figure) SI, such 
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bits are "0" at the upper side of the horizontal axis 
(I-axis), while being "1" at the lower side of the 
horizontal axis. Accordingly, as shown in FIG.12B, SI 
is capable of being demodulated according to a 
5 demodulation pattern comprised of a portion 1103 at the 
upper side of the horizontal axis and a portion 1104 at 
the lower side of the horizontal axis. In other words, 
it is possible to demodulate such bits in the portion 

H 

C) 1103 at the upper side of the horizontal axis to "0", 

0 

pi 10 while demodulating such bits in the portion 1104 at the 

$ 

& lower side of the horizontal axis to "1". 

m 

4) In FIG. 11, with respect to a third significant bit 

§\ (bit at the third left as viewed in the figure) S2, such 

m 

Ft) bits are "0" at the sides, opposed to the vertical axis 

© 

Ki 15 (Q-axis), of axes (existing at the midpoint of signal 

HI 

points in the horizontal direction) spaced equal 
horizontal distances apart from the vertical axis, while 
being "1" at the center portion including the vertical 
axis. Accordingly, as shown in FIG.12C, S2 is capable 

20 of being demodulated according to a demodulation pattern 
comprised of portions 1105 at the sides, opposed to the 
vertical axis, of axes spaced equal horizontal distances 
apart from the vertical axis and a portion 1106 at the 
center including the vertical axis. In other words, it 

25 is possible to demodulate such bits in the portions 1105 
at the sides, opposed to the vertical axis, of axes spaced 
equal horizontal distances apart from the vertical axis 
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to "0", while demodulating such bits in the portion 1106 
at the center including the vertical axis to "1". 

In FIG. 11, with respect to a fifth significant bit 
(bit at the fifth left as viewed in the figure) S4, such 
5 bits are "0" at a first portion, including the vertical 
axis (Q-axis), between axes spaced equal horizontal 
distances apart from the vertical axis, are "1" at second 
portions, with the same horizontal width as the first 
portion, at opposite sides of the first portion, and are 
10 "0" at third portions outside the second portions. 
Accordingly, as shown in FIG.12E, S4 is capable of being 
demodulated according to a demodulation pattern comprised 
p of the first portion 1109, including the vertical axis, 

between axes spaced equal horizontal distances apart from 
jg| 15 the vertical axis, the second portions 1110, with the 
W same horizontal width as the first portion 1109, at 

opposite sides of the first portion, and the third portions 
1109 outside the second portions 1110. In other words, 
it is possible to demodulate such bits to "0" in the first 
20 portion 1109, including the vertical axis, between axes 
spaced equal horizontal distances apart from the vertical 
axis, such bits to "1" in the second portions 1110, with 
the same horizontal width as the first portion 1109, at 
opposite sides of the first portion, and such bits to 
25 "0" in the third portions 1109 outside the second portions 
1110. 

In FIG. 11, with respect to a least significant bit 
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(bit at the sixth left as viewed in the figure) S5, such 
bits are "0" at a first portion, including the horizontal 
axis (I-axis), between axes spaced equal vertical 
distances apart from the horizontal axis , are " 1" at second 
5 portions , with the same vertical width as the first portion, 
at opposite sides of the first portion, and are "0" at 
third portions outside the second portions . Accordingly, 
as shown in FIG.12F, S5 is capable of being demodulated 
P according to a demodulation pattern comprised of the first 

CI 

U\ 10 portion 1111 , including the horizontal axis, between axes 

f 

P spaced equal vertical distances apart from the horizontal 

© 

4) axis, the second portions 1112, with the same vertical 

i 

P width as the first portion 1111, at opposite sides of 

fj| 

ft! the first portion, and the third portions 1111 outside 

SI 15 the second portions 1 112 . In other words , it is possible 
to demodulate such bits to "0" in the first portion 1111, 
including the horizontal axis, between axes spaced equal 
vertical distances apart from the horizontal axis, such 
bits to "1" in the second portions 1112, with the same 
20 vertical width as the first portion 1111, at opposite 
sides of the first portion, and such bits to "0" in the 
third portions 1111 outside the second portions 1112. 

Thus, SO to S2, S4 and S5 are capable of being 
demodulated in the same way as in 6 4 QAM using 
25 demodulation patterns of 6 4 QAM . In this way it is also 
possible to perform demodulation in 3 2 QAM without using 
information on the modulation scheme (modulation level 
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broadcast signal). 

In addition, with respect to an output of the 
demodulation section that demodulates S3 in the 
demodulation in 6 4 QAM , since corresponding data does not 
5 exist originally, portions 1107 and 1108 illustrated in 
FIG.12D cannot be used, and an error is detected in the 
error detecting section corresponding to the demodulation 
section. Then with respect to S3, repeat is requested. 
The repeat is performed as in the first embodiment. 
10 The demodulation will be described below in the case 

where the transmitting-side apparatus transmits data of 
8 QAM . 

FIG. 13 is a diagram to explain a signal space diagram 
of 8 QAM . FIG. 14 is a diagram to explain a demodulation 
15 method for 8 QAM in the adaptive modulation communication 



P 

m 
m 
o 

0 

^ system of the present invention . In FIG. 13 , black points 



indicate signal points of 8 QAM, and white points indicate 

signal points of 6 4 QAM. 

in FIG. 13, with respect to a most significant bit 
20 (bit at the leftmost as viewed in the figure) SO, such 

bits are "0" at the left side of the vertical axis (Q-axis ) , 

while being "1" at the right side of the vertical axis. 

Accordingly, as shown in FIG.14A, SO is capable of being 

demodulated according to a demodulation pattern comprised 
25 of a portion 1301 at the left side of the vertical axis 

and a portion 1302 at the right side of the vertical axis . 

In other words, it is possible to demodulate such bits 
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in the portion 1301 at the left side of the vertical axis 
to "0", while demodulating such bits in the portion 1302 
at the right side of the vertical axis to "1". 

In FIG. 13, with respect to a second significant bit 
5 (bit at the second left as viewed in the figure) SI, such 
bits are "0" at the upper side of the horizontal axis 
(I-axis), while being "1" at the lower side of the 
horizontal axis. Accordingly, as shown in FIG.14B, Si 
0 is capable of being demodulated according to a 

h 

Q\ 10 demodulation pattern comprised of a portion 1303 at the 
fc| upper side of the horizontal axis and a portion 1304 at 

6 

4} the lower side of the horizontal axis. In other words, 

s 

p it is possible to demodulate such bits in the portion 

HI 

flj 1303 at the upper side of the horizontal axis to "0" , 

O 

p 15 while demodulating such bits in the portion 1304 at the 

m 

lower side of the horizontal axis to "1". 

In FIG. 13, with respect to a third significant bit 
(bit at the third left as viewed in the figure) S2, such 
bits are "0" at the sides, opposed to the vertical axis 

20 (Q-axis), of axes (existing at the midpoint of signal 
points in the horizontal direction) spaced equal 
horizontal distances apart from the vertical axis, while 
being "1" at the center portion including the vertical 
axis. Accordingly, as shown in FIG.14C, S2 is capable 

25 of being demodulated according to a demodulation pattern 
comprised of portions 1305 at the sides, opposed to the 
vertical axis, of axes spaced equal horizontal distances 
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apart from the vertical axis and a portion 1306 at the 
center including the vertical axis. In other words, it 
is possible to demodulate such bits in the portions 1305 
at the sides, opposed to the vertical axis, of axes spaced 
equal horizontal distances apart from the vertical axis 
to "0", while demodulating such bits in the portion 13 06 
at the center including the vertical axis to " 1" . 

Thus, SO to S2 are capable of being demodulated in 
the same way as in 6 4 QAM using demodulation patterns of 
6 4 QAM . It is thereby possible to perform the 
demodulation in 8 QAM also without using the information 
on the modulation scheme (modulation level broadcast 
signal ) . 

In addition, with respect to outputs of the 
demodulation sections that demodulate S3 to S5 in the 
demodulation in 6 4 QAM , since corresponding data does not 
exist originally, portions 1307 to 1312 illustrated in 
FIGS.14D to 14F cannot be used, and errors are detected 
in error detecting sections corresponding to the 
demodulation sections. Then with respect to S3 to S5, 
repeat is requested. The repeat is performed as in the 
first embodiment. 

The demodulation will be described below in the case 
where the transmitting-s ide apparatus transmits data of 
BPSK. 

FIG. 15 is a diagram to explain a signal space diagram 
of BPSK. FIG. 16 is a diagram to explain a demodulation 
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method for BPSK in the adaptive modulation communication 
system of the present invention . In FIG. 15 , black points 
indicate signal points of BPSK, and white points indicate 
signal points of 6 4 QAM . 
5 In FIG. 15, with respect to a most significant bit 

(bit at the leftmost as viewed in the figure) SO, such 
a bit is "0" at the left side of the vertical axis (Q-axis ) , 
while being " 1" at the right side of the vertical axis. 

H 

O Accordingly, as shown in FIG.16A, SO is capable of being 

a 

I!* 10 demodulated according to a demodulation pattern comprised 

§ 

y of a portion 1501 at the left side of the vertical axis 

Q 

and a portion 1502 at the right side of the vertical axis . 

* 

P In other words, it is possible to demodulate such a bit 

m 

n) in the portion 1301 at the left side of the vertical axis 

© 15 to "0" , while demodulating such a bit in the portion 1302 

fti 

at the right side of the vertical axis to "1". 

In addition, with respect to outputs of the 
demodulation sections that demodulate Si to S5 in the 
demodulation in 6 4 QAM, since corresponding data does not 

20 exist originally, portions 1503 to 1512 illustrated in 
FIGS.16B to 16F cannot be used, and errors are detected 
in error detecting sections corresponding to the 
demodulation sections. Then with respect to SI to S5, 
repeat is requested. The repeat is performed as in the 

25 first embodiment. 

According to this embodiment, even when the 
transmitting-side apparatus transmits data using either 
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modulation scheme among the modulation schemes of 3 2 QAM 
to BPSK, the receiving-side apparatus is capable of 
demodulating the data by a demodulation scheme 
corresponding to the same modulation scheme. In other 
5 words, when the transmitting-side apparatus transmits 
data while modulating the data by smaller modulation level 
than the largest modulation level allowing the 
demodulation on a demodulation side, it is possible to 
accurately demodulate data of units actually transmitted. 

2 

P 10 It is thereby possible for the receiving-side apparatus 

$ to demodulate all transmitted data without knowing (being 

0 

Q aware at all) a modulation scheme of the transmitting-side 

s apparatus. In particular, in a combination of this 

R 

fU embodiment and the first embodiment, it is possible to 

Q 15 set a unit for error detection independently for each 

Q 

llj bit, to perform finer control , and to perform transmission 

with more accuracy. 

As a result, the need is eliminated of notifying 
a modulation scheme (modulation level broadcast signal) 

20 from a transmitting-side apparatus to a receiving-side 
apparatus, and it is thereby possible to use downlink 
resource effectively. Further, since the need is 
eliminated of notifying a modulation scheme from a 
transmitting-side apparatus to a receiving-side 

25 apparatus, it is possible to reduce the time during which 
a modulation level broadcast signal is demodulated and 
then data is demodulated like the conventional method, 
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and to decrease data delay. Further, it is possible to 
shorten delay of repeat request. 

Moreover, in the adaptive modulation communication 
system according to this embodiment, even when 
5 transmission is not performed, data transmission success 
indicates 0 unit, thereby enabling the detection. 

In order to facilitate the adaptive modulation 
communication system according to this embodiment, 
arrangements of pilot signals in a signal space diagram 

10 are set as illustrated in FIGs . 11 , 13 and 15 . Forexaraple, 
when the largest modulation level is set at 64, as shown 
in FIGs. 11 and 13, pilot signals are assigned amplitude 
and phase of center positions (denoted by X in the figure) 
in quadrants, respectively, in the signal space diagram. 

15 It is thereby possible to share pilot signals in either 
modulation scheme, and to receive the pilot signals 
similarly in either modulation scheme. 

Further, with respect to the arrangement of pilot 
signals, pilot points are set at positions spaced apart 

20 from respective axes by a distance corresponding to a 
predetermined phase rotation, or at positions set 
corresponding to the amplitude predetermined number times 
the predetermined amplitude. In this way, as described 
above, it is possible to share pilot signals in either 

25 modulation scheme, and to receive the pilot signals 
similarly in either modulation scheme. Further, since 
it is possible to provide the arrangement of pilot signals 



with versatility, frame format can be determined readily. 
In addition, in a modulation scheme that does not provide 
amplitude with information such as BPSK, since the 
amplitude of a pilot signal is not restricted, pilot 
signals can be set with more versatility. 
(Third embodiment) 

This embodiment describes a case of applying the 
adaptive modulation communication system of the present 
invention to star-16QAM and 16PSK modulation schemes. 
Herein, the case will be described of applying the adaptive 
modulation communication system of the present invention 
to star-16QAM and 16PSK modulation schemes, using 8PSK. 

FIG. 17 is a diagram to explain a signal space diagram 
of QPSK. FIG. 18 is a diagram to explain a signal space 
diagram of 8PSK. In FIG. 17, with respect to a first bit 
(upper bit) , such bits are "0" above horizontal axis 1602 , 
while being "1" under horizontal axis 1602, with axis 
1602 as a boundary. With respect to a second bit (lower 
bit), such bits are "0" at the left of vertical axis 
1601, while being "1" at right of vertical axis 1601, 
as viewed in the figure, with vertical axis 1601 as a 
boundary. Accordingly, by determining the foregoing, 
it is possible to demodulate 2 bits of QPSK . 

In FIG. 18, the most significant bits and second 
significant bits are capable of being demodulated as the 
same way as in QPSK. The least significant bits are 
determined using portions 1701 to 1704 each between axes 



at 45° to vertical axis 1601 and horizontal axis 1602. 
In other words, such bits are "0" in portions 1701 and 
1703 (where an absolute value of vertical axis 1601 is 
greater than that of horizontal axis 1602), while being 
"1" in portions 1702 and 1704 (where an absolute value 
of vertical axis 1601 is smaller than that of horizontal 
axis 1602). Accordingly, by determining the foregoing, 
it is possible to demodulate information of three bits 
of 8PSK. 

FIG. 19 is a diagram to explain a signal space diagram 
of star-16QAM. In FIG. 19, the most significant bits to 
third significant bits are capable of being demodulated 
in the same way as in 8PSK. With respect to a least 
significant bit, it is determined whether such a bit is 
larger or smaller than a predetermined threshold with 
respect to the amplitude. In other words, such bits 
larger than the predetermined threshold with respect to 
the amplitude (existing on the outer circle) are "0", 
while such bits smaller than the predetermined threshold 
with respect to the amplitude (existing on the inner 
circle) are "1". Accordingly, by determining the 
foregoing, it is possible to demodulate information of 
four bits of star-16QAM. 

While the case is described above where a single 
threshold is used with respect to the amplitude, the 
present invention is applicable to a case where a plurality 
of thresholds is used with respect to the amplitude. By 



thus using a plurality of thresholds for the amplitude 
to obtain a plurality of criterion steps with respect 
to the amplitude, it is possible to make an amplitude 
determination up to less significant bits, thereby 
enabling demodulation of signals modulated by star-QAM 
of larger modulation level. In addition, when setting 
a plurality of thresholds with respect to the amplitude, 
it is possible to change correspondence between threshold 
and bit as appropriate. 

FIG. 20 is a diagram to explain a signal space diagram 
of 16PSK. In FIG. 20, the most significant bits to third 
significant bits are capable of being demodulated in the 
same way as in 8PSK. The least significant bits are 
determined using portions 1901 to 1908 each between axes 
each at 22.5° and 67.5° to vertical axis 1601 and 
horizontal axis 1602 . In other words, such bits are "0" 
in portions 1901, 1903, 1905 and 1907 (portions between 
axes of 22.5° and 67.5° including vertical axis 1601 or 
horizontal axis 1602), while being "1" in portions 1902, 
1904, 1906 and 1908 (portions between axes of 22.5° and 
67.5° with no vertical axis 1601 or horizontal axis 1602 
included). Accordingly, by determining the foregoing, 
it is possible to demodulate information of four bits 
of 16PSK. 

While the case is described above of using two types 
of phase determination axes (phase determination axes 
passing through the origin point in the signal space 
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diagram) with respect to the least significant bit, the 
present invention is applicable to a case of using three 
or more types of phase determination axes with respect 
to the least significant bit. By thus using three or 
more phase determination axes with respect to the least 
significant bit to obtain a plurality of criterion steps 
in phase determination, it is possible to make a phase 
determination up to less significant bits, thereby 
enabling demodulation of signals modulated by modulation 
scheme of larger modulation level. In addition, when 
setting a plurality of phase determination axes, it is 
possible to change correspondence between phase 
determination axis and bit as appropriate. 

Further, it is possible for demodulators capable 
of demodulating signals modulated by star -QAM illustrated 
in FIGs.19 and 20 to demodulate modulated signals 
modulated by an upper modulation scheme (modulation 
scheme with less bits assigned to one symbol). For 
example, it is possible for a demodulator capable of 
demodulating signals modulated by star-16QAM to 
demodulate transmitted bits when demodulating modulated 
signals modulated by an upper modulation scheme (for 
example, QPSK and 8PSK) corresponding to the 
largest-modulation-level modulation scheme among 
demodulation capabilities of the demodulator. In 
addition, the phase determination and amplitude 
determination in the adaptive modulation communication 
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system using star-QAM are capable of being carried out 
in a combination thereof. 

A case will be described of transmitting signals 
in the adaptive modulation communication system of this 
5 embodiment. FIG. 21 is a diagram to explain a case of 
transmitting signals in 8PSK. In FIG . 21, SO to S2 
indicate bits assigned to the most to third significant 
bits respectively in 8PSK. Signals of 24 bits (0 to 23) 
p are divided into three groups, while adding error 

s 

m 10 detecting bits CO to C2 to bits 0 to 7 , adding error 



0 
D 



m 



detecting bits C3 to C5 to bits 8 to 15, and adding error 
detecting bits C6 to C8 to bits 16 to 23, and resultant 



P signals are transmitted. 

ni 

HJ It is assumed that a receiving side does not know 

b 

p 15 that either modulation scheme among QPSK, 8PSK and 



star-16QAM is used to transmit signals. In this case, 
the demodulation is performed while assuming the 
modulation scheme as star-16QAM which is the 
largest-modulation-level modulation scheme. Since it 

20 is possible to demodulate SO to S2 accurately as described 
even in demodulating as star-16QAM, an error is not 
detected. However, since S3 is not transmitted, an error 
is detected thereon. 

Accordingly, the receiving side accepts bits 0 to 

25 23 of SO to S2 as correct signals. Thus, error detecting 
bits are added every same bits collectively over a 
plurality of symbols and a receiving side performs error 
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detection, whereby it is possible to detect only 
transmitted bits as effective bits. In this way, it is 
possible to accurately perform demodulation without a 
communication party notifies of a modulation scheme used 
5 in transmission. 

The case is described above where the 
largest-modulation-level modulation scheme is 
star-16QAM and transmitted modulated signals are 

H 

p modulated by 8PSK. However, the present invention is 

P 

g\ 10 applicable to a case where the largest-modulation-level 
pi modulation scheme is an M-ary modulation scheme whose 

5 

2| modulation level is exceeding 16, and further to a case 

jjj where a phase modulation scheme is not a star modulation 

}A scheme. Moreover, the present invention is also 

g 

.p 15 applicable to a case where an M-ary modulation scheme 



has modulation level both in the amplitude and phase. 

It is preferable in the first to third embodiments 
to change a modulation scheme with time in the 
transmitting-side apparatus. It is thereby possible to 

20 transmit data with an optimal modulation scheme 
corresponding to channel quality. Even in this case, 
it is not necessary to notify the modulation scheme to 
the receiving-side apparatus. In this case, the 
modulation scheme is determined based on channel quality 

25 information such as received SIR (Signal to Interference 
Ratio), received electric field intensity, error rate, 
and observation of transmit power control command. The 
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channel quality may be of broadcast information 
indicative of a result measured in the receiving-side 
apparatus. Further, in a TDD (Time Division Duplex) 
system, since uplink and downlink channel states are 
5 considered to be almost the same, it may be possible to 
use a result obtained by measuring the quality of the 
opposite channel. 

Further, it may be possible to determine the channel 
"0 quality from a repeat request signal to reflect in change 

(9 

51 10 of modulation scheme. In other words , it may be possible 

fl 

□ that the channel quality is estimated from the repeat 

P 

4) request signal, and based on the estimated result, the 

P modulation scheme is varied as appropriate. For example, 

o? 

flf in the case where signals of 16 QAM are transmitted and 

.8. 

P 15 for example, three or more repeat requests are received, 

in 

it may be determined that 16QAM is not optimal, and the 
modulation scheme is switched to a 

smaller-modulation-level modulation scheme such as 8 QAM . 
Further, in the case of receiving two repeat requests, 

20 it may be determined that all the bits are properly 
transmitted, and the modulation scheme is continued or 
switched to a larger-modulation-level modulation scheme. 

In the case of determining the channel quality from 
the repeat request to reflect in change of modulation 

25 scheme, it may be possible to reflect a plurality of 
previous repeat request results. For example, in the 
case where signals of 16QAM are transmitted and four or 
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more repeat requests are received, it may be determined 
that 1 6 QAM is not optimal, and the modulation scheme is 
switched to a smaller-modulation-level modulation scheme 
such as 8 QAM. In the case of receiving three repeat 
5 requests, the determination is made with previous repeat 
request included , and inthecaseof receiving three repeat 
requests twice in row, the modulation scheme is switched 
to a smaller-modulation-level modulation scheme such as 
8 QAM . Further, in the case of receiving two repeat 
|| 10 requests, it may be determined that all the bits are 
properly transmitted, and the modulation scheme is 

9 

© continued or switched to a larger-modulation-level 

0 

? modulation scheme. 

9 

ft) Further, in the case of reflecting a plurality of 

N 

Of 15 previous repeat request results, it may be possible to 

Q 

f|] use an average value of the number of previous repeat 

requests and to use an average value after multiplying 
an forgetting factor. Furthermore, it may be possible 
to generate a state transition diagram of modulation 
20 scheme to vary a modulation scheme according to the 
diagram. 

The above first to third embodiments describe the 
case where the transmitting-side does not transmit any 
information on a modulation scheme at all. However, in 
25 the present invention it may possible to broadcast on 
a broadcast channel candidates for the modulation scheme 
used in the transmitting-side apparatus. For example, 
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the information is broadcast on a broadcast channel that 
a base station supports only BPSK, QPSK, 8 QAM and 16QAM. 
Thus in communication terminals, it is not necessary to 
receive signals corresponding to 3 2 QAM and 6 4 QAM , and 
5 it is only required to demodulate signals corresponding 
to modulation schemes that the base station supports, 
thereby enabling reduced power consumption. 

Further, it may be possible for a receiving-side 
n apparatus to notify modulation schemes that the 

5 

gfS 10 receiving-side apparatus supports, for example, in 
p communicating protocols with a transmitting-side 

5 

yjj apparatus. It is thereby possible for the 

p transmitting-side apparatus to transmit signals while 

jy selecting a modulation scheme from only among modulation 
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15 schemes that the receiving-side apparatus supports. As 
a result, it may be possible to carry out the control 
in the above embodiments as appropriate corresponding 
to what the receiving-side apparatus supports. For 
example, when a communication terminal supports only up 

20 to 16QAM, a base station performs only up to 1 6 QAM only 
for the communication terminal. At this point, the base 
station uses only up to 1 6 QAM even when up to 6 4 QAM are 
available. In this case, since radio resource is wasted, 
such a terminal may be imposed a penalty such as a fine. 

25 Furthermore, in determining modulation scheme 

candidates , it may be possible to determine the candidates 
corresponding to an average state of a channel between 
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a transmitting-side apparatus and receiving-side 
apparatus. For example, when a communication terminal 
exists at a place far from a base station and the base 
station determines that only BPSK to 8 QAM can be used, 
5 the base station notifies the communication terminal of 
transmitting signals according to BPSK to 8 QAM, using 
a low-rate control signal or first protocol. In this 
way, the communication terminal does not need to receive 
signals corresponding to 3 2 QAM and 6 4 QAM , and is capable 
10 of suppressing wasteful power consumption. 

On the other hand, in communicating with a terminal 

P 

i|l existing near a base station in high quality state, it 

r 

p may be possible to select only 8 QAM to 6 4 QAM as candidates . 

HI 

N| The range is considered to vary with movement of 

3 

p 15 communication terminal, and is rearranged as appropriate 
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to be updated. The base station is capable of determining 
a candidate range of modulation scheme using selection 
histogram of previous modulation schemes , statistics and 
average of channel quality information. Further, when 

20 data is not transmitted during a long period, it may be 
possible that such a message is notified that data is 
not transmitted during a long period, and 
that based on the message, the candidate range of 
modulation scheme is determined. 

25 The repeat error correcting algorithm is not limited 

in particular in the above first to third embodiments. 
Accordingly, as a repeat error correcting algorithm, 
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examples are Stop and Wait ARQ, Go Back N ARQ , Selective 
Repeat ARQ and Hybrid ARQ. 

In particular , in the case of using Hybrid ARQ, since 
the same signal is transmitted due to repeat in type I, 
5 the receiving-side apparatus is capable of performing 
weighting with likelihood to combine amplitude. 

Meanwhile, it is necessary in type II and type III 
to determine whether the repeat is due to an error in 

m transmission or is due to the fact that a signal is not 

C) 

m 10 transmitted actually because modulation level is low and 

i) 

q therefore the signal cannot be received. 

s 

i|| The transmitting-side apparatus knows the 



Si 

3 
m 



p transmitted data, and therefore is capable of making such 

m 

a determination. However, the receiving-side apparatus 
15 does not know the transmitted data, and therefore needs 
to perform both transmissions of repeat and first 
transmission. In this case, when an information amount 
in repeat is different f roma general transmit data amount, 
the information amount is brought coincident by 
20 transmitting a plurality of repeats successively or 
collecting a plurality of repeats. 

The present invention is not limited to the above 
first to third embodiments , and is capable of being carried 
out with various modifications thereof. For example, 
25 while the above embodiments describe the case that the 
largest modulation level is 64 in the receiving-side 
apparatus, the present invention is applicable similarly 
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to a case that the largest modulation level in the 
receiving-side apparatus exceeds 64 such as 128 and 256 . 
Any modulation scheme may be a candidate corresponding 
to performance. Accordingly, modulation levels used in 
5 the first and second embodiments are not limited in 
particular . 

The adaptive modulation communication system of the 
present invention is applicable to a digital radio 

communication system between a communication terminal 

CI 

(jj 10 and base station, and broadcast system. 

A 

q An adaptive modulation communication system of the 

Q 

i|! present invention is an adaptive modulation communication 

s 

system that adaptively varies a modulation scheme for 
each transmit unit, and adopts a configuration where a 

o 

m 15 transmitting-side apparatus sets different error 
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detecting units corresponding to bit position, and 
transmits data subjected to error detecting processing 
on a different error detecting unit basis corresponding 
to bit position, and a receiving-side apparatus performs 

20 demodulation independently for each of the error 
detecting units using different demodulation patterns 
to obtain received data. 

According to this configuration, even when the 
transmitting-side apparatus uses either modulation 

25 scheme among M-ary modulation schemes to transmit signals , 
it is possible for the receiving -side apparatus to 
demodulate data by a demodulation method corresponding 



54 



to the modulation scheme. In other words, when signals 
are transmitted according to an M-ary modulation scheme 
of smaller modulation level than the largest modulation 
level allowing the demodulation on a demodulation side, 
it is possible to accurately demodulate data of units 
actually transmitted. Thus, the receiving-side 
apparatus is capable of demodulating all transmitted data 
without knowing (being aware at all) a modulation scheme 
of the transmitting-side apparatus. 

As a result, the need is eliminated of notifying 
a modulation scheme (modulation level broadcast signal) 
from a transmitting-side apparatus to a receiving-side 
apparatus, and it is thereby possible to use downlink 
resource effectively. Further, since the need is 
eliminated of notifying a modulation scheme from a 
transmitting-side apparatus to a receiving-side 
apparatus, it is possible to reduce the time during which 
a modulation level broadcast signal is demodulated and 
then data is demodulated like the conventional method, 
and to decrease data delay. Further, it is possible to 
shorten delay of repeat request. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where the modulation scheme is varied 
adaptively among M-ary modulation schemes each with a 
square root of the number of signal points being an 
integer . 



The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where the modulation scheme is varied 
adaptively among M-ary modulation schemes each with a 
square root of the number of signal points being not an 
integer. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where the modulation scheme is varied 
adaptively among M-ary modulation schemes each using 
phase determination axes passing through the origin point 
in the signal space diagram. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where the M-ary modulation schemes using 
phase determination axes passing through the origin point 
in the signal space diagram are modulation schemes in 
which identification in an amplitude direction is 
performed. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where error correcting coding is performed 
collectively every a plurality of bits, and the 
receiving-side apparatus detects bits transmitted from 
the transmitting-side apparatus as effective bits by 
performing error detection. 

According to these configurations, it is possible 



to perform accurate demodulation without knowing (being 
aware at all) a modulation scheme that a communication 
party uses to transmit signals. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where an arrangement of signal points is 
set so that a difference between the number of signal 
points in the I-axis direction and the number of signal 
points in the Q-axis direction is small. It is thereby 
possible to improve transmission efficiency when there 
is a difference between the number of signal points in 
the I-axis direction and the number of signal points in 
the Q-axis direction. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where positions of pilot signals are set 
using a value half the maximum amplitude in the signal 
space diagram of an M-ary modulation scheme having the 
largest modulation level. 

According to this configuration, it is possible to 
share pilot signals in either modulation scheme, and to 
receive the pilot signals similarly in either modulation 
scheme. 

The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where a repeat reguest is performed for 
each error detecting unit. 
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The adaptive modulation communication system of the 
present invention adopts a configuration, in the above 
configuration, where the modulation scheme is varied 
adaptively based on channel quality estimated from the 
5 repeat request. 

A transmitting apparatus of the present invention 
adopts a configuration provided with a section that sets 
different error detecting units corresponding to bit 
position, and a section that transmits data subjected 

10 to error detecting processing on a different error 
detecting unit basis corresponding to bit position. 

A receiving apparatus of the present invention 
adopts a configuration provided with a section that 
receives data subjected to error detecting processing 

15 on a different error detecting unit basis corresponding 
to bit position, and a section that demodulates the data 
independently for each error detecting unit using 
different demodulation patterns to obtain received data 
As described above, in the adaptive modulation 

20 communication system of the present invention, since the 
need is eliminated of notifying information on a 
modulation scheme or the like from a transmitting-side 
apparatus to a receiving-side apparatus, it is possible 
to use downlink resource effectively. Further, it is 

25 possible to reduce the time during which the information 
on the modulation scheme or the like is demodulated and 
then data is demodulated, and to decrease processing delay. 
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As a result, it is also possible to shorten delay of repeat 
request . 

This application is based on the Japanese Patent 
Applications No. 2000-189411 filed on June 23, 2000, and 
No. 2001-047197 filed on February 22 , 200 1 , entire contents 
of which are expressly incorporated by reference herein. 

Industrial Applicability 

The present invention is applicable to an adaptive 
modulation communication system used in a digital radio 
communication system. 



